Torpedograss (Panicum repens grass in sugarcane by post emergence application within 20-40 days of planting. Hossain et al.: Effect of Asulam on Sugarcane and Torpedograss 11
L.) is a serious rhizomatous perennial weed in sugarcane (Saccharum offacinarum L.) in Taiwan, Hawaii and Okinawa. Two experiments were conducted to investigate torpedograss control and sugarcane injury using 2, 3 and 4 kg ai/ha of asulam (methyl sulf anilyl carbamate) based on the time of herbicide application in the early growth stage of sugarcane.
The asulam formulations used were SL (soluble concentrate, 37%) and WG (water soluble granule, 80%). Each formulation was applied at 20 days after planting (DAP) in the first experiment, and at 40 DAP in the other experiment. Asulam SL and WG at 2 to 4 kg ai/ha gave 100% control of torpedograss when applied either at 20 or 40 DAP. Asulam applied at 20 and 40 DAP required about 28 and 35 days after treatment, respectively to control torpedograss completely. Higher growth, yield and yield parameters of sugarcane were obtained by the 20 DAP application of both formulations at 2 kg ai/ha than those at higher rates. The formulations at 4 kg ai/ha applied at 20 DAP had severe injury effects on growth, yield and yield parameters of sugarcane, while 2, 3 and 4 kg ai/ha of the formulations applied at 40 DAP caused no negative impact on sugarcane growth, yield or yield parameters.
Yield of sugarcane was significantly increased by all examined rates of the two asulam formulations applied at 40 DAP in comparison with those of untreated weedy crop cultivation. The results of these experiments suggest that both asulam formulations (SL and WG) at 2 kg ai/ha would successfully control torpedo-Introduction Torpedograss is a serious rhizomatous perennial weed in at least 19 field crops2. 8, 9, 12) . Rhizomes and roots make loose mat-like structures in soil up to 50 cm depths. Vigorous growth and development of torpedograss competing with crops underground and aboveground causes severe yield reduction of the crops3. Torpedograss reportedly infested every sugarcane field in southern Taiwan and the loss of sugarcane yield by the weed was estimated to be 50-60% 12. When 95 % of rhizomes were destroyed and new sugarcane cuttings were planted, the resulting yield was four to five fold higher than that from infest-ed sugarcane12).
Sugarcane is the major crop in Okinawa and is unique among agronomic row crops. It can usually be harvested three to four times from a single planting. One of the most economically troublesome weeds in Okinawa sugarcane is torpedograss3.
The weed propagates mainly by rhizomes which are difficult to control when well established. Rhizome formation of torpedograss began about 50 days after planting (DAP) in a field study4. Sugarcane drill (planted in rows) is usually not disturbed by ploughing or other mechanical methods throughout the crop cycle, so that torpedograss proliferates, especially in ratoon crops3. Previous pot and field experiments estimated an 80 % loss of sugarcane yield caused by torpedograss3.
Competition between sugarcane and the weed during the early growth stages of the crop resulted in severe reduction of the yield, and it was reported that a one day delay in weeding during period 45-90 DAP resulted in a 0. 9-1. 5 % yield reduction in torpedograss infested sugarcane f ields3. Sugarcane required a weed free environment during the period of 45-150 DAP to achieve the maximum yield potential.
A previous experiment showed that asulam controlled about 60-87 % of shoots in the field and suppressed the sprouting of 90-92 % of the corms and 92-95 % of the rhizome buds of torpedograss5.
It was also reported that sugarcane was tolerant to asulam, as well as that the herbicide successfully controlled the rhizomatous weed john-
Chemical control of torpedograss in sugarcane has not yet been verified. Therefore, asulam was the substance chosen to study for control of torpedograss in sugarcane.
The objective of this study was to investi- shoots among rates of the formulations was observed up to 21 DAT. The control rating was higher with the higher rates of herbicide application at 28 DAT, and all the rates of the formulations completely controlled torpedograss shoots at 35 DAT. In the previous experiment, asulam at 4 kg ai/ha recorded a level of control similar to the 2-4 kg ai/ha applied at 40 DAP in this study at 21 DAT. However, the matured torpedograss was not controlled completely even with the 4 kg ai/ha of asulam5'. In sugarcane treated at 20-40 DAP, regrowth of torpedograss was not found even at harvest; it was assumed that rhizomes were not formed or were too small in length to boot new shoots. A previous study reported rhizomes about 7 cm long within 50 DAP4. Regrowth suppression was longer when asulam was applied to young rhizome johnsongrass in another study14. The present study supported yet another study where asulam at 3. 0 kg au/ ha applied 3 times at an interval of 40 days starting at 40 DAP successfully controlled torpedograss in sugarcane fields.
Asulam applied at 20 DAP caused torpedograss control nearly twice as high at 7 DAT than at 40 DAP. When applied at 20 DAP, 28 days were required to control torpedograss completely, while applied at 40 DAP required 35 days. Younger leaves usually were injured by asulam more repidly than aged leaves. (Tables 3 and 4 ). On the contrary, untreated plants showed an increasing number of green leaf blades with time after plant-ing along with more tillers and longer torpedograss stems.
Elongation rate of sugarcane shoot was increased more rapidly with 2 kg ai/ha of the formulations than with 3 kg ai/ha when applied at 20 DAP; no clear increase was observed at 4 kg ai/ha ( Table 5 ). Sugarcane treated with asulam at 2 kg ai/ha and weed free control sugarcane showed an almost similar tendency in rate of shoot elongation. The higher rate caused 38-70 % reduction (at 28 DAT) in sugarcane shoot elongation compared to the 2kg ai/ha. It was observed with the higher rates that sugarcane leaf formation was somewhat delayed about 15 days after treatment (data not presented), and some leaves showed necrosis. Higher rates of asulam applied at 20 DAP appeared to destroy the leaf chlorophyll causing this necrosis.
The follow-up application of asulam at 3.7kg ai/ha to the 66-138 cm tall johnsongrass growing with 91-162 cm in height (soil surface to tip of the longest leaf) sugarcane caused chlorosis in the sugarcane leaves14. In addition to the chlorosis, sugarcane stalk height appeared to be shorter in late post treatment than that in early post treatment14. Different rates of the formulations did not show clear differences in shoot elogation when applied at 40 DAP, however ( Table 6 ). The intermidiate rate (3 kg ai/ha) of asulam SL showed lower increment in shoot elongation than the lowest and highest rates, whereas the same rate of asulam WG showed a higher increment than other rates.
The initially higher lenght of sugarcane showed slower elongation after herbicide treatment irrespective of application rate. It was observed that the main shoot growth of sugarcane was slow during the tiller formation, so that tiller was probably formed in the lower elongated main shoot during this period. Higher number of tillers with greater diameter and their rapid elongation were probably related to slower elongation of the main shoot, and but may not be related to asulam application. No chlorosis and necrosis was observed on leaves or shoots when asulam was applied at 40 DAP. Millhollon applied asulam at 3. 4, 4. 5 or 6. 7 kg ai/ha to j ohnsongrass infested sugarcane fields when sugarcane was 50 cm tall, and 6 to 8 weeks later he resprayed with asulam at 3. 4 and 4. 5 kg ai/hal. He found no sugarcane (cultivars CP 52-68, CP 65-357, CP 61-37 and L 62-96) injury with a single application of asulam at 4.5 or 6.7kg ai/ha and two applications of asulam at 3.4kg ai/ha. Asulam SL at 2-3 kg ai/ha applied at 20 DAP recorded significantly higher stalk length, stalk diameter and yield than 4 kg au/ ha, and 2 kg ai/ha of asulam WG recorded significantly higher stalk length, diameter and yield than other treatments ( Table 7) .
Asulam WG at 2 kg ai/ha showed positive effects (reason unknown) on the stalk length, stalk diameter and yield compared to weed free sugarcane. The formulations at 4 kg au/ ha caused severe injury effects on yield and yield parameters of sugarcane. The yield parameters decreased as the rates increased.
The results of the present study were similar to those of Wall when he applied thifensulfuron: tribenuron (2:1, mixture) at 0. 23, 0. 45, 0. 9, 1. 8 and 3. 6 g ai/ha to control annual weeds in canola (Brassica raga L.) and sunflowers (Helianthus annuus L.) at the two-to threeleaf, four-to five-leaf and six-to seven-leaf stage.
He reported that crop injury was lowest, and flowering, seed yield and seed oil content were least affected when low doses were applied at the two-to three-leaf stage. Asulam applied at 40 DAP had no negative effects on yield parameters or yield compared to weed free sugarcane. Herbicide application at 40 DAP at 2-4 kg ai/ha recorded significantly higher yield and yield parameters (except diameter) than that of untreated weedy sugarcane (Table 8) .
Asulam WG at 2kg ai/ha showed the lowest elongation rate of sugarcane main shoot (Table 6) , whereas the number of millable stalks, stalk length, diameter and yield per pot were not reduced compared to that of 3 and 4 kg ai/ha (Table 8 ). Closely similar findings were observed for asulam SL 3 kg ai/ha. Therefore, the main shoot is not the principal factor increasing sugarcane yield; maximum yield comes from the tillers. It was reported that higher sugarcane density up to a certain limit (2-3 cuttings/pot) increased total yield, though it afforded lower yield per sugarcane plant compared to lowest density (single cutting/pot) 6. Weeding at 60 DAP resulted in significantly higher yield than that of 120 DAP due to the higher number of tillers and millable stalks, although both treatments showed similar shoot elongation of sugarcane3. Tanji et al. reported that total yield was increased with increased wheat seeding rates, but the yield per seeding was decreased15 Asulam at 4 kg ai/ha applied at 20 DAP showed a detrimental effect on sugarcane yield; however, injury effects of different rater of the formulations were not observed on sugarcane yield when applied at 40 DAP. Herbicide applied at 40 DAP at 2-4 kg ai/ha recorded a much higher yield and yield parameters than that of untreated weedy sugarcane. Asulam SL and WG showed similar effects on sugarcane and torpedograss.
Continuous tillering of sugarcane was found from approximately 45 DAP, and the tillers which were formed within 90 DAP gave better yield3. Therefore, caution should be taken in the dosage of asulum application during the early tillering stage. Millhollon reported that 3. 4, 4. 5 or 6. 7 kg au/ ha of asulam killed johnsongrass successfully in sugarcane, although he suggested not using 6. 7 kg ai/ha as an extreme treatment in sugarcane10. Richard and Griffin reported that the number of harvested stalks and yield (stalk weight) of sugarcane were increased by 31-80% and 21-172 %, respectively, over those of the weedy check when asulam was applied (early) to 49-61 cm tall johnsongrass growing with 38-66 cm high sugarcane14.
Results of these studies suggest that both asulam SL and asulam WG can successfully control torpedograss in sugarcane by post emergence application at 2 kg ai/ha within 20 -40 days of plantation as well as in early tiller formation stage.
